Introduction
Cardiac glycosides are unusual in having a narrow therapeutic range, which is idiosyncratic to the individual. In view of this it is perhaps not surprising that toxicity is a common occurrence, being reported in up to 35% of digitalized patients. ' There are several mechanisms which can lead to this problem. Firstly, digoxin is excreted mainly by the kidneys, and therefore, any impairment ofrenal function may lead to higher than expected plasma concentrations. Congestive cardiac failure, renal failure and advanced age can also cause toxicity by reducing the volume of distribution of the drug. Concomitant electrolyte imbalance, notably hypokalaemia, hypomagnesaemia and hypercalcaemia can potentiate digoxin toxicity. Approximately 30% of digoxin is plasma protein bound and thus certain other drugs such as amiodarone and calcium antagonists can lead to higher than expected plasma concentrations. Lastly, several clinical conditions such as hypothyroidism, chronic lung disease and cardiac amyloid are associated with an abnormally high myocardial sensitivity to digoxin. Despite all of this, however, there is often still no clear relationship between these factors and manifest toxicity.
Diagnosis of toxicity

Clinicalfeatures
Features of cardiac glycoside toxicity are usually non-specific and can be conveniently divided into cardiac and non-cardiac effects.2'3 Non-cardiac symptoms such as anorexia, nausea, vomiting, lethargy, headaches, confusion and more rarely visual disturbances are the most frequent presenting features. With increasing toxicity, the more serious cardiac features become inevitable, although occasionally they can be the presenting problem. Almost any permutation of heart block, brady-and tachydysrhythmias are possible.2 It is important to emphasize that the clinical diagnosis of toxicity is of fundamental importance and should not be discarded because of 'normal' plasma digoxin concentrations.
Use ofplasma concentration measurements
In an attempt to improve digoxin therapy, it is frequently advocated that the plasma digoxin concentration should be measured. Trough plasma concentrations below 0.8 ng/ml (1.0 nmol/l) are considered sub-therapeutic and levels greater than 2.0 ng/ml (2.56 nmol/l) toxic. Unfortunately, there is a marked overlap of measured plasma levels between groups of patients with and without evidence of toxicity.3'4 For example, one patient may exhibit evidence of toxicity at a measured plasma drug level of only 0.8 ng/ml, whilst another may be symptom free at a level of 3.0 ng/ml.
It can thus be seen that plasma level concentration estimation is only of limited clinical value. Plasma level measurements may be useful to confirm clinical signs of toxicity or to see whether or not there is any scope for reducing the dose and still achieving a therapeutic effect. Plasma levels are also useful to monitor compliance, to allow adjustment of dosage in the presence of certain concomitant therapy and (in certain circumstances) to monitor treatment of overdosage. There is, nevertheless, no place for performing 'routine' drug level assessments in clinical practice.
General principles of management
When a patient is diagnosed as suffering from digoxin toxicity, the initial step is to assess the severity of the problems. The reason for the development of toxicity should always be thoroughly sought: for example, use of an inappropriate high dose, the addition of concomitant medication or the development of a reduced volume of distribution arising owing, for example, to progression of heart failure or development of renal impairment. The question ofeither accidental or deliberate overdosage should also be considered.
If the evidence of toxicity is relatively minor with, for example, symptoms of nausea, withdrawal of the drug is often the only specific treatment required. More serious evidence of toxicity, particularly with cardiac involvement, requires admission to hospital.
If there is no evidence of serious cardiac problems, such as heart block or significant dysrhythmias, then following the withdrawal of the drug and the correction of electrolyte imbalance, symptomatic measures will usually suffice. The presence of major dysrhythmias is clearly potentially lifethreatening and carries a high mortality. In these circumstances, a rapid and more aggressive management stratagem must therefore be followed, ideally within the coronary care unit with experienced staff available. Immediate management centres around treatment of heart block with atropine (2-3 mg) and temporary pacing. Malignant ventricular dysrhythmia should be treated with beta-blockers, lignocaine or phenytoin. Phenytoin (100 mg intravenously, repeated after 5 minutes if required) is a useful antidysrhythmic as it opposes digitalis binding and may improve atrioventricular conduction by its anticholinergic properties.' Beta-adrenoceptor blocking agents can terminate glycosideinduced ventricular dysrhythmias but are more likely to lead to heart block.5-7 Therefore an ultra-short acting intravenous beta-blocker preparation such as esmolol (half-life, tt= 9 minutes) may be useful in these circumstances as its effects may be rapidly reversed.8 Correction of hypokalaemia is important, generally requiring intravenous supplementation of no more than 20 mmol/h of potassium, to reduce digitalis binding to Na/K ATPase."9 More rapid infusion of potassium may lead to asystole and concomitant infusion of dextrose may aggravate any hypokalaemia.S Cardioversion should be avoided wherever possible, due to the risk of precipitating asystole, and when necessary should be attempted using the lowest energy possible. Elimination of the cardiac glycoside should then be performed as expeditiously as possible using digoxin-specific antibody fragments.
In accidental or deliberate overdosage, general principles of treatment remain the same. Ifthe drug has been ingested within 4 hours the patient should undergo immediate gastric lavage leaving 100 g of activated charcoal within the stomach. If ingested after 4 hours then the patient should be treated only with activated charcoal. There is evidence that this therapy is as effective as ipecacuanha-induced vomiting in preventing drug absorption.'0 The potential benefits of such an effective, simple and inexpensive mode of treatment have to be weighed, however, against any resultant morbidity. The major problems are unpalatability of the activated charcoal and the risk of aspiration in patients who may well be experiencing severe nausea and vomiting. The treatment of these latter symptoms also poses problems, as the majority of antiemetic agents have concomitant anticholinergic properties, decreasing gastrointestinal motility and consequently the concentration gradient across the bowel. If the patient is in a state of shock then reduced splanchnic blood flow will also lead to reduced gastrointestinal motility.
Digoxin-specific antibodyfragments
Digoxin-specific fab antibody fragments (Digibind, Wellcome) are possibly the most effective treatment available. However, this therapy is expensive and therefore should be reserved for treatment of serious toxicity, especially in the presence of cardiac dysrhythmias.
These antibodies have a high affinity and specificity for cardiac glycosides and have been shown to reverse digoxin toxicity and reduce the risk of death. '6-18 In several large studies, approximately 80% of patients had complete resolution of all evidence of toxicity, 10% improved whilst 10% showed no response.'6"7 They appear effective for all age groups and also in patients with poor renal reserve (despite eventual renal elimination). '9 As with all foreign proteins, anaphylaxis, serum sickness or febrile reactions are a source ofconcern, especially with repeated administration. These reactions appear uncommon,2"16"17 for example, in a study of 717 adults where only six patients (0.8%) exhibited any evidence of allergic response.20 Similarly to streptokinase therapy, repeated administration may possibly be less effective or more hazardous, but no evidence with regard to this matter is currently available.
The dose to be administered is calculated on the basis of the drug 'load', using the plasma concentration and body weight.2'2' The approximate dose of fab is 60 times the 'load', as the approximate molecular weight ratio of fab and digoxin is 60. 21 Generally improvement in signs and symptoms usually occurs within 30 minutes, with complete resolution of evidence of toxicity within 3-4 hours.2 Few adverse effects have been reported with the use of this agent. Nevertheless, theoretically, patients previously dependent upon the inotropic effects of digoxin could develop heart failure and hypokalaemia could result within I -5 hours, owing to intracellular shifts of potassium, as the effects of digoxin are reversed. 2 Patients who require redigitalization must wait for the complexes to be eliminated from the body by the kidneys, this taking 2-3 days with normal renal function.2'2 Unfortunately, fab fragments interfere with both fluorescence excitation transfer immunoassays and radioimmunoassays for digoxin.
This means that serum drug levels cannot be monitored until the drug-antibody complexes are cleared from the circulation.2224
Conclusion
Digoxin toxicity is a common occurrence but for the majority of patients the problem is mild and effectively managed by symptomatic treatment and a reduction in dosage. Where symptoms and signs are more profound, but without any evidence of serious cardiac toxicity, then regular administration of oral activated charcoal is well worth considering. Development of serious toxicity with cardiac involvement requires prompt use of digoxin-specific fab fragments, which can be life saving.
